Rice blast caused by Magnaporthe grisea is an economically important disease which distributed in most rice growing areas of the world. Yield losses up to 100% are attributed to the blast disease in different rice growing regions of Uganda. In order to combat this disease screening of forty-six introduced Korean rice accessions and two checks IR-64 (resistant) and NERICA-1 (susceptible) were done in a 6 by 8 alpha lattice design in two replications under natural infestation in field conditions, and three replications in the screen house at National Crops Resources Research Institute (NaCRRI) of Uganda in 2015, A and B seasons. Final leaf blast severity, lesion size, area under disease progress curve (AUDPC) values, panicle blast and grain yield were highly significant among genotypes. Genotypes SRHB-133, SRHB-93 and SRHB-78 were resistant to rice blast in both field and screenhouse conditions and showed a lower lesion size. Therefore, these genotypes that consistently showed resistance to rice blast disease can be used as a source of resistance gene for rice blast. This leads to conclude that screening in both the field across seasons and confirming their resistance in the screen house helps the breeder to identify the genotypes that are truly resistant for further utilization as resistant sources.
INTRODUCTION
Rice (Oryza sativa L.) is one of the most important stable foods for more than half of world's population. It provides up to 50% of the dietary caloric supply and a substantial part of the protein intake in Asia (Muthayya et al., 2014) . In Sub-Saharan Africa rice consumption among urban dwellers has steadily been grown. From 2002 to 2007, rice production in Africa had increased by an average of 3.2% per year, and from 2007 to 2012 by 8.4% per year (CGIAR, 2013) . In Uganda rice production from year 2010 to 2014 increased from 93 to 95 thousand hectares, with a yield increment of 214 to 237 thousand tonnes (FAO, 2014) . But, the production and productivity of the crop is hampered by a number of biotic and abiotic factors.
Rice blast, caused by Magnaporthe grisea, is one of the most devastating diseases, especially in susceptible *Corresponding author. E-mail: zelalemsafe@gmail.com. (Hai et al., 2007; Hajano et al., 2011; Chuwa et al., 2015) . It is becoming severe under high temperature, high relative humidity (85 to 89%), presence of dew, drought stress and excessive nitrogen fertilization. This disease is a major problem in most of the rice-growing regions of the world (Onasanya et al., 2008) . Since the variability of the pathogen from year to year and place to place makes its management difficult, it becomes important to give great attention to resistance breeding (Sharma et al., 2012; Kihoro et al., 2013) . It is a serious concern in temperate areas as well as in tropical uplands. Even though the disease affects all the plant parts above ground, seedlings and young or tender tissues are more vulnerable than those of older ones. At optimum temperatures, new blast lesions appear within 4 and 5 days after they fall on the leaf surface. In warm and wet weather conditions, new conidia are produced within hours after the appearance of the lesions, and this continues for several days (Greer and Webster, 2001 ). Yield reductions due to blast are drastic when panicle itself and the panicle base are infected shortly after heading (Shim et al., 2005) . Geneticaly diversified genotypes play a vital role in any breeding program for resistance to both biotic and abiotic stresses. The use of resistant varieties can not only ensure protection against diseases, but also save the time, energy and money spent on other measures of control (Sharma et al., 2012) . The genetics of hostpathogen interactions are of considerable biological interest and great importance in developing diseasecontrol strategies in efforts of resistance breeding (Ribot et al., 2008) . Therefore, the present study was conducted to identify rice blast resistant genotypes from a set of introduced Korean rice accessions in Uganda conditions.
MATERIALS AND METHODS

Description of study area and genotypes used
In this study, the first forty-six rice genotypes introduced from South Korea though the Korea-Africa Food and Agriculture Cooperation Initiative (KAFACI) were screened with one resistant (IR-64) and one susceptible (NERICA-1) checks at the National Crops Resources Research Institute (NaCRRI) in Kampala, Uganda during the two rainy seasons of 2015 (Table 1) . NaCRRI is located at 0° 31' N, 32° 35' E, with a mean altitude of 1150 m above the sea level. The soils are ferralitic (red sandy and clay loams) and have a pH range of 4.9 to 5.0. The average annual rainfall is 1300 mm and maximum and minimum temperature of 28.5 and 13.0°C, respectively.
Screening under field conditions
A nursery was raised for each genotype and the seedlings were transplanted to the main field. Twenty-one days old seedlings of 48 genotypes were transplanted in the swamp field in a 6 by 8 alpha lattice design with two replications. The spacing of 20 cm between rows and between plants and 40 cm between plots and between blocks with 1 m between replications were used. Four susceptible varieties (NERICA-1, Basimati-370, Sindano and K-85) used as spreader rows were planted between plots two weeks before raising the nursery. This helped to enhance natural infection and to minimize the chance of escape from infection (IRRI, 2014; Vasudevan et al., 2014) . In order to promote development of the disease, high humidity was promoted by irrigation twice a day on rain-free days, so that soil of the field experiment was always wet. Other agronomic practices were done as recommended (Asea et al., 2010) .
Screening under controlled conditions
Field screened 48 rice genotypes were further evaluated in the screen house using a single isolates of the pathogen to confirm their resistance. Seeds of test lines and the two checks (IR-64 and NERICA-1) were planted in 25 and 30 cm diameter buckets filled with forest soil (using 4 seeds/pot) in 6 × 8 alpha lattice design in three replications.
Inoculum preparation and inoculation
Blast-infected plants were collected from rice fields at NaCRRI. The infected rice plants were selected by observing the symptoms on the leaves based on the rice blast identification guide (Phadikar et al., 2012) . The infected parts were cut into small pieces (0.5-1.0 cm) and then surface sterilized with 2% sodium hypochlorite for three minutes. These pieces were then washed with distilled water and placed on plates of 19.5 g L -1 Potato Dextrose Agar (PDA). The PDA plates were then incubated at 25°C for 5 days until sporulation (Hajano et al., 2011) . Thereafter, single spores from sporulating lesions were transferred on 4% water agar with the use of an inoculating needle under stereomicroscope for further multiplication for 24 h and the emerging fungus was purified by isolating a single hyphal tip using a sterile needle under a stereo microscope. The resulting pure cultures were incubated at room temperature (25°C) under darkness. After four weeks, the aerial mycelia were slightly washed off by gentle rubbing with a water soaked tooth brush and spore suspension concentration of 1×10 6 spores/ml was prepared using a Neubauer haemacytometer under a compound microscope (Khan et al., 2001) . Before inoculation, 0.05% Tween 20 was added to the suspension to increase the adhesion of the spores to the plants. The plants were inoculated with a hand sprayer until run off at the 3 to 4 leaf stage of the plant. High humidity was maintained by covering the area with a white plastic sheet to facilitate infestation. In addition to this, water was sprinkled on the leaves at mid-day for one week, in order to facilitate blast development (Koutroubas et al., 2009 ).
Data collection
Data on leaf blast severity, lesion size, AUDPC for leaf blast severity and lesion size, panicle blast and yield were collected on five randomly selected plants in the field and on three plants in the screenhouse from each plot according to the standard evaluation system of rice (IRRI, 2014) . In addition to these frequency distributions for leaf and panicle blast severity were calculated. Disease evaluations for leaf blast was done four times for each test line at an interval of one week after inoculation in the screenhouse and when the first symptom was observed on the susceptible lines in the field. According to IRRI (2014) standard evaluation system, severity score 0 = no lesions observed, 1 = small brown specks of pin-point size without sporulating center, 3 = small roundish to slightly elongated, necrotic grey spots, 1-2 mm in diameter, 5 = typical susceptible blast lesions 3mm or longer, infecting less than 10% of leaf area, 7 = typical susceptible blast lesions infecting 11-50% of the leaf area and 9 = more than 75% leaf area affected.
Sum of all numerical rating
Total number of rating x maximum disease rating Genotypes were classified according to Shrestha and Misra (1994) , for their reaction to leaf blast as 0-15% resistant, 15.1-30% = moderately resistant, 30.1-50% = moderately susceptible and 50.1-100% = susceptible.
To compare relative levels of resistance in the genotypes, weekly assessments of disease severity was done four times. Area under the disease progress curves (AUPDC) was calculated as described by Madden et al. (2008) as; AUDPC =
in which xi = blast severity at the i th observation, ti = the time in days after appearance of the disease at the i th day, and n = total number of observations.
Data analysis
The data were subjected to alpha lattice restricted maximum likelihood (ReML) analysis in GenStat 12 th edition software package. The genotypes were considered fixed while blocks, replications and season were random effects. However, the randomized complete block analysis was used when the block mean square is greater than the residual mean square. Variance components due to genotypes σ G and genotype by season 
RESULTS
Screening result of genotypes under field conditions
Across season analysis of variance of traits showed significant differences (P≤0.05) among genotypes for final leaf blast severities, lesion size and their respective AUDPC values, panicle blast and yield ( Table 2) . The across season analysis result (Table 4) showed that the lowest final leaf blast severity scores (14.3-14.4%) were obtained for three genotypes SRHB-78, SRHB-12 and SRHB-133. Moderately low final leaf blast severities (17.8 -28.9%) were recorded for ten genotypes which were grouped as moderately resistant. Twenty-four genotypes that had high final leaf blast severities (32.2 -48.9%) were classified as moderately susceptible. The remaining ten genotypes showed susceptibility levels equal to the susceptible check (Figure 1 ), NERICA-1 (66.7%) which was followed by .
The genotypes evaluated also showed variation in the AUDPC for leaf blast severity, with seven of them having lower values (120.6 to 182.8%) than the resistant check (Table 3) .
Screening result of genotypes under controlled conditions
The analysis of variance of traits under controlled condition showed significant differences (P≤0.05) among *, **, *** significant at 0.05, 0.01 and 0.001 probability respectively, ns = non-significant at > 0.05 probability, genotypes for final leaf blast severities, lesion size and their respective AUDPC values, while it showed nonsignificant for panicle blast and grain yield (Table 4) . The frequency distribution of genotypes for reaction to leaf and panicle blast in the screen house is presented in Figure 2 . In this figure five genotypes were resistant, two moderately resistant, twenty-nine moderately susceptible and twelve susceptible. Ten genotypes were resistant to panicle blast, seventeen moderately resistant and 21 were susceptible.
DISCUSSION
Identifying sources of resistance to rice blast has been a major objective for many researchers involved in rice breeding programs (Rama Devi et al., 2015; Biotica et al., 2014; Vasudevan et al., 2014) . In this study, 46 introduced genotypes from KAFACI with two checks were evaluated in order to identify resistant sources. The analysis of results revealed that genotypes were significantly different for final leaf blast severity, lesion size, AUDPC values panicle blast severity and yield in both field and screen house conditions. This indicated that genetic variability exists among the screened genotypes, an advantage for improved breeding for blast resistance in rice. Of the genotypes used in this study, none was immune to leaf and panicle blast either in the field or screen house but there were resistant genotypes in these screening conditions.
In the first season's screening for final leaf blast severity under field conditions, four genotypes (SRHB- *, **, *** significant at 0.05, 0.01 and 0.001 probability respectively, ns = non-significant at p> probability, 133, SRHB-78, SRHB-93 and SRHB-12) were classified as resistant and eight as moderately resistant. In the second season none of the genotypes showed resistance, though 19 that showed moderately resistance were resistant in the first screening. Based on field experiment results across seasons, three genotypes (SRHB-133, SRHB-78 and SRHB-12) showed resistance, and 11 moderate resistances. In the screen house conditions, five genotypes showed resistance (SRHB-93, SRHB-133, SRHB-2, SRHB-70 and SRHB-78) and two moderate resistances. This indicates a difference in performance of the rice genotypes under differing screening conditions and seasons. These results are compatible with the findings of Ghazanfar et al. (2009) , Kumar et al. (2012) , Pasha et al. (2013a) and Rama Devi et al. (2015) for screening rice genotypes against resistance to rice blast. Their results revealed that while none of the varieties were immune to blast, genotypes were grouped as resistant, moderately resistant and susceptible. These variations may be attributed variously to genetic difference for resistance to blast, or to variation in environment from season to season and screening conditions. These findings indicate that screening under both field and screen house conditions and in several seasons could be effective for getting genotypes with resistant genes for rice blast disease. The significant effect of season that produced variation in values for leaf blast, lesion size and their AUDPC values could be due to variable weather conditions. Environmental factors, relative humidity, temperature and amount of rainfall could strongly affect the sporulation, release and germination of blast conidia (Park et al., 2009; Yang et al., 2011) .
Variation for panicle blast severity, shown in the analysis of the overall field screening indicates the presence of genetic variation among genotypes. None of the genotypes showed immunity to panicle blast severity, though 36 genotypes were resistant and 12 were found susceptible. However, in the screen house condition 10 genotypes showed resistance, 17 were moderately resistant and the remaining was susceptible. A similar result was reported by Pasha et al. (2013b) , Chuwa et al. (2015) , Lee et al. (2015) . Nagaraju et al. (2008) also reported in screening 265 genotypes, none of them was immune for leaf and panicle blast, eight genotypes were resistant and 138 moderately resistant to leaf blast and 18 genotypes were resistant, and 82 moderately resistant to panicle blast.
Conclusion
In general, this study showed the value of testing the reaction of the introduced Korean rice genotypes to the Ugandan situation, even when they were introduced by the source as being resistant. In this study the acrossseason field screening results showed that three genotypes were resistant, eleven moderately resistant, 24 moderately susceptible and ten susceptible to rice leaf blast. In the screen house five genotypes were shown to be resistant, two moderately resistant, 29 moderately susceptible and 12 susceptible, again indicating genetic variation among genotypes.
Results from the two screening environments showed that genotypes SRHB-133, SRHB-93 and SRHB-78 were more consistent for resistance to rice blast and good performance for yield. So, these genotypes can be either used by farmers after intensive evaluation for production or used to introgress the resistant genes into the locally-adapted elite materials of Uganda. Therefore, genotypes that consistently showed resistance to rice blast disease under both screening conditions can be used as a source for resistance in the rice blast breeding program. From this study, it is possible to conclude that screening in both the field across seasons and in the screen house helps the breeder to identify the genotypes that are truly resistant for further utilization as resistant sources. Additionally, large populations could be screen in the screen house at reduced cost.
